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ENVIRONMENTAL TOBACCO' SMOKE AND LONG CANCER: IS IT THE SMOKE OR 
THE DIET? 


LINDA C. KOO 

Dept, ofi Community Medicine, University of Bong Kong, Hong Kong. 
INTRODUCTION 

Worldwide epidemiological studies on the association of 
environmental tobacco smoke < ETS ) and lung cancer in non-smokers 
have produced controversial results. There have been problems 
associated with measuring the amounts of past lifetime exposure, 
m isclas sification of ex-smokers and current smokers as non- 
smokers, reliability of hospital records for smoking and 
diagnostic data, the tendency of lung cancer patients or their 
relatives to emphasize exposure to ETS, gaining access to 
representative controls for comparison purposes, and identifying 
1 other risk factors for lung cancer that could act as confounders 

of the association. With these potential problems In mind, 
studies have been designed and conducted in Hong Kong to explore 
the role of ETS, diet, air pollutants, and respiratory illnesses 
on lung cancer risk among non-smoking females . 

In some ways, the Chinese female population in Hong Kong are 
ideal subjects to study the role of ETS or other non-smoking risk 
factors on lung cancer incidence. This Is because they are 
| unusual in three ways: 

1) . They have very high rates of lung cancer. From the 
population-based Hong Kong Cancer Registry, the world age- 
adjusted incidence rate in 1984 was 26.8/100,100 <1). When this 
incidence rate is compared with that among women in 10 other 
countries, it can be seen in Figure 1 that Hong Kong's rates are 
among the highest in the world (2). 

2) . They have high prevalence rates of chronic bronchitis. A 

study of 314 non-smoking mothers of primary school children in 
Bong Kong found that 10.5% reported having symptoms of chronic 
cough or phlegm lasting > 3 months versus only 0.4% of 243 mothers 

in Japan (3). The higher prevalence of these symptoms for the 

Hong Kong population was also found among the children, with the 
percentages being 12.6% versus 0.8% respectively. The 
implications of these findings for lung cancer incidence among 
non-smokers in Hong Kong is ominous, since symptoms of chronic 

i bronchitis was found to increase risk for lung cancer, even among 

those with no history of smoking C 4 )•• 

3) . They have low rates of smoking. A study of 200 female lung 

cancer cases gathered from 8 centers in Hong Kong Indicated that 
44% of them had never-smoked any type of tobacco (4). The 

» population attributable risk due to smoking was calculated to be 

J only 36% for females, whereas this percentage was 95% for males 

In Hong Kong. From these data, it can be calculated that the 

incidence rate not due to smoking was about 17.2/100,000 in 1984 
(5). In a comparative study of female lung cancer incidence rates 
by ethnicity and place of residence, it was found that Chinese 
women in general (Fig. 2), regardless of whether they resided in 
, Hawaii, Shanghai, or Hong Kong, had about twice the non-smoking 
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incidence rates of women from other ethnic backgrounds (Japanese, 
White, Hawaiians) lilving in different areas in the Pacific Basin 
region (6 ). 
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These data indicate that Chinese women living in different 
countries are exposed to some factor(s) that leads them to have 
non-smoking lung cancer rates about twice as high as other ethnic 
groups living in the same area* This would therefore rule out the 
effects of outdoor ambient air and occupational exposures (unless 
it was some special task that only Chinese women did) as a 
contributing factor. It is also unlikely to be genetic since 
China’s world age-adjusted female lung cancer mortality rate was 
estimated to be only 4.75/100,000 for the entire country in 1973- 
75 (7).. Thus the possible role of culture-specific agents, 
entering the body as inhalants or ingestants, which are causing 
the high rates of lung cancer and chronic bronchitis among Hong 
Kong Chinese women needs to be addressed. 

ENVIRONMENTAL TOBACCO SIIOKE 

Among the most controversial, yet timely public health issues, 
is the possible role of ET£ in the etiology of lung cancer or 
respiratory illnesses. From data collected in a retrospective 
study of 200 female lung cancer patients and 200 district matched 
controls in 19B1-19B3, Figure 3 shows the relationship between 
ETS exposure and risk for lung cancer among Hong Kong Chinese 
women with no history of smoking (4,, 8-10). Dosage was defined as 
lifetime estimated hours of exposure to ETS from the home plus 
work environments, years of such exposure, and the daily number 
of cigarettes smoked by the husband. Only for husbands who smoked 
low numbers of cigarettes, l.e. _<15/day, was the relative risk 
(RR) of 2.4 statistically significant (p-0.02)'. None of the the 
trends per variable were stat 1stica11y significant. At the 
highest levels of exposure for all three measurements of dose, 
the RR ranged from 1.2 to 1.4. This might seem to agree with the 
conclusion of several recent reviews of epidemiological studies 
on ETS and lung cancer (11-13) that: "’considering the evidence as 
a whole, exposure to ETS increases the incidence of lung cancer 
in nonsmokers.... the risk of lung cancer is roughly 30% higher 
for nonsmoking spouses of smokers than it is for nonsmoking 
spouses of nonsmokers" (12, p;. 10). Yet, in our data, there was no 
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To study the relationship of ETS exposure to chronic 
bronchitis, non-smokers from two studies were used: 136 ever- 
married women who were controls from the lung cancer case-control 
study (10), and 311 mothers from a cross-sectional community 
study in 1965 (3). For risk of chronic bronchitis, which was 
defined as the presence of chronic cough or phelgro 2 3 months, 
the patterns were symmetrically opposed to each other depending 
on whether the wife's exposure was defined by the usual number of 
cigarettes her husband smoked at home,, versus the number be 
smoked throughout the day (Fig* 4). The former should be a more 
accurate assessment of dosage for the wife since most of her 
contact with her husband's cigarettes would occur in the home 
environment. Yet .both showed no dose-response effect with ETS. An 
even larger discrepancy was found when the duration (in months) 
of chronic bronchitis among wives was plotted against their 
husbands'cigarette consumption levels, defined as per day versus 
at home only. It was interesting that only the former showed a 
positive association (14). 


The relationship is also 
unclear if the hours of ETS 
exposure from the home is defined 
as current versus lifetime hours 
of exposure, as shown in Fig. 5. 
The data on current hours comes 
from the cross-sectional study 
(3), and that on lifetime hours 
from the controls of the case- 
control study (10). The trend for 
current exposure hours (p-0.16) 
might suggest a relationship with 
ETS whereas that for lifetime 
hours did not (p-0.53). 

With these Inconclusive and som 
the role of ETS and respiratory 
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history of smoking in Hong Kong, 3 questions cone to mind: 

1) . If ETS increases the risk for lung cancer, shouldn't it 
also increase the incidence of other respiratory illnesses, e.g. 
chronic bronchitis, asthma, emphysema, that are associated with 
bronchial Irritants and active smoking? As we have seen, the data 
for lung cancer was not statistically significant, and that for 
chronic bronchitis was conflicting depending on which measure of 
dosage was used. The more indirect measures of dosage, i.e. 
husband's dally cigarettes consumption levels, and the current 
hours of ETS exposure, gave more positive evidence of a 
relationship. But the more specific measures of duration, the 
number of cigarettes the husband smoked at home, and the lifetime 
hours of exposure did not suggest a dose-response effect with 
ETS. These inconclusive results are consistent with the world¬ 
wide data which show that children may have reduced lung function 
and increased respiratory symptoms when they have smoking 
parents, but these effects have not been observed among smoking 
discordant spouses (12)., Our studies on respiratory symptoms In 
children have shown that the prevalence of such symptoms Is 
strongly correlated with the reports of such symptoms among their 
mothers (3)i. Thus the association of ETS with childhood 
bronchitis and pnueroonia (13) might be due to cross infection 
from the mother or, more likely, smoking father to mother to 
child, rather than due to ETS itself. This is because it is known 
that smokers are more likely to have upper respiratory tract 
infections than nonsmokers, and the transmission of such agents 
is focused In the homie environment for young children because 
their contact with extra-family members would be less than: older 
children or adults. 

2) . Does the number of cigarettes smoked by the husband 
accurately reflect the amount of ETS exposure by the wife? Host 
of the studies on ETS and lung cancer defined the wife's exposure 
by the number of cigarettes her husband smoked per day. It was 
therefore assumed that wives of husbands who were heavier smokers 
(usually more than a pack of cigarettes per day.) 1 had 
concomitantly more ETS exposure than wives with husbands who were 
less avid smokers (less than a pack per day). Since we gathered 
data which allowed us to estimate lifetime ETS exposures In terms 
of years or hours, it was found that this assumption is 
questionable, as the amounts of these exposures in the past for 
nonsmoking wives with husbands who were light or heavy smokers 
were similar (15). In addition, our data showing conflicting 
interpretations of the relationship of ETS with the duration of 
chronic bronchitis if exposure is defined as the number of 
husband's cigarettes smoked at home versus throughout the day 
(14), highlights the need to be more specific about defining the 
wife's exposure levels if she has/had a smoking husband. 

3) . Since the increased risk of ETS and lung cancer is quite 
small, estimated by pooling all the studies to be about 30\ (12), 
might the association really reflect the effect of other 
environmental factors that are associated with having a smoking 
husband? A comparative study of 97 quantifiable variables 
reflecting lifestyle patterns and environmental exposures found 
that nonsmoking wives with nonsmoking husbands generally had 
•healthier* lifestyles than those with smoking husbands (15). One 
of the most striking differences was the dietary patterns. 
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Nonsmoking wives with nonsmoking husbands were more frequent 
consumers of cruciferous vegetables, carrots, beans/legumes, bean 
sauce, milk, and home made soup (Fig. 6). On the other hand, they 
consumed salted fish, pickled vegetables, chilis, and cured meats 
less than those with smoking husbands (Fig. 7). According to the 
report on Diet, Nutrition, and Cancer by the National Research 
Council (16), the former food items generally reduce cancer risk, 
and the latter increase It. The cogency of this association as an 
important confounder for studies associating ETS with lung cancer 
risk, is supported by our analysis showing diet to exert stronger 
and more consistent increases in lung cancer risk (17) than the 
data on ETS exposures among never-smoked women (10). Moreover, 
the food items which increased or decreased risk followed similar 
patterns as the correlations of nonsmoking wives with smoking; or 
nonsmoking husbands, respectively. And finally, to go full 
circle, a recent comparison of the dietary patterns of nonsmoking 
Hong Kong Chinese women with and without chronic bronchitis, has 
suggested that chronic bronchitis is associated with a diet low 
in fresh fruit and high in cured meats and alcohol (5). Thus 
there is a common dietary linkage among the three risk groups of 
non-smoking Chinese women: those with chronic bronchitis, those 
with smoking husbands, and those with lung cancer. 


! 

! 
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Fig. 7 Dietary Habits of Nonsmoking kites 
by Their Husbands' Smoking Status m H.K. 



OTHER INDOOR AIR POLLUTANTS 

Since the natural inclination Is to think of Inhaled agents 
affecting respiratory diseases, we have also conducted studies on 
the role of cooking fuels (18), personal levels of exposure to 
nitrogen dioxide (19), urinary levels of cotinlne (20) and 
| bydroxyprol1ne (21) adjusted for creatinine, and measured indoor 

! levels of polycyclic aromatic hydrocarbons (22) and airborne 

levels of bacteria and fungi. Most of these data were collected 
as part of an ongoing collaborative comparative project with 
* Japan (23). This is because the two areas have sharply 

contrasting incidence rates of female lung cancer and respiratory 
Illnesses, with Hong Kong's female lung cancer incidence rates 
being 3 times higher, and chronic bronchitis prevalence rates 
about 10 times higher than that found in Japan ( 3 )i. Although 
these studies are still in progress, the mean levels of these 
measurements of air pollution were not found to be significantly 
different between homes in Japan and Hong Kong. 


t 
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A study on lung cancer among Chinese females in Shanghai by Gao 
e t al . (24) has suggested that greater exposure to cooking fumes 
was related to the higher risk for lung cancer in Chinese women. 
From data on our retrospective study of B6 never-smoked cases and 
137 controls (101, the relative risk values suggested the 
opposite trend (Table 1). As women cooked for more years, their 
risk of lung cancer significantly decreased. These results are 
supported by other evidence on nonsmoking Chinese women In Hong 
Kong: wives with non-smoking husbands tended to cook for more 
years than those with husbands who were heavy smokers (15); women 
who were more concerned with healthy cooking habits, indicated by 
those who used corn oil for cooking, were significantly less at 
risk for lung cancer than those who used other types of cooking 
oil (17); and an analysis of the frequency of food consumption 
patterns between lung cancer cases and controls indicated that 
food habits provided substantially stronger evidence than ETS as 
being a risk factor for lung cancer in nonsmokers (10, 17). The 
contrasting results on the relationship of cooking activities 
with lung cancer risk between the Hong Kong and Shanghai data may 
have been due to their different definitions of cooking. The Hong 
Kong data defined it as years of cooking in the past, whereas the 
Shanghai data was based on current activities. Since it is known 
that the carcinogenic process of lung cancer takes decades, it 
would seem that an assessment of activities in the past would be 
more relevant than current behaviors. 


TABLE 1 

RISK FOR LUNG CANCER AMONG NEVER-SMOKED HONG KONG CHINESE WOMEN 
BY THEIR DURATION OF COOKING 


Yrs.Cooking 

♦Case/iCont. 

Crude RR <95%CI)* 

Ad j . 

RR* 

* ( 9 5 % CI ) 

0-25 

31/31 

1.00 




2 6-40 

2 9/59 

0.49 (0.22-0.96) 

0.38 

(0. 

17-0.88) 

4 1 + 

2 8/47 

0.60 (0.24-1.13) 

0.3 7 

(0. 

14-0.96) 

trend p-value: 

0.16 

<0.001 



*95% Cl from 

N:M matched 

analysis. 





* *N : M matching, adjusting for age, # live births, and schooling 
(♦/-) as in (10). 

DISCUSSION 

Because Chinese females in Bong Kong with no history of smoking 
have high Incidence rates of lung cancer, and high prevalence 
rates of chronic bronchitis, various studies have been conducted 
to evaluate the role of Inhaled and Ingested substances in their 
etiology. Data on lifetime exposures to environmental tobacco 
smoke did not show dose-response effects with risk for lung 
cancer. There were also inconsistencies when trying to see 
whether ETS was related to chronic bronchitis. If the wife's 
exposure was defined by her current hours of exposure or the 
number of cigarettes smoked by her husband per day, the data were 
suggestive of ETS increasing her risk for chronic bronchitis. 
However, if ETS was defined as lifetime hours of exposure, or the 
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number of cigarettes smoked by the husband at home only, then no 
such relationship was found. How do we interpret such findings? 

On the one hand, these conflicting results show that caution 
should be exercised when interpreting the results of various 
studies on ETS. Researchers, depending on their personal feelings 
on ETS and the fact that journals tend to accept submissions with 
clearly positive findings, may Ignore the negative or 
unconslstent data and only publish the positive results If they 
have collected different ETS measurements and found them to be 
conflicting. This will result in ETS appearing in the published 
literature to be more consistently deleterious to health than 
might be the true situation. 

We- have also raised several questions about how such indirect 
measurements as the the husband’s smoking habits might 
inaccurately reflect on ETS dosage for the wife and might be 
correlated with other lifestyle factors that would Independently 
affect the risk for lung cancer among wives with smoking 
husbands. If ETS is causally related to lung cancer, it should 
also be related to excess risk for respiratory diseases commonly 
found in smokers, e.g. chronic bronchitis, asthma, and emphysema. 
The international' and Hong Kong data linking ETS with even these 
diseases are unclear, and have only been found to be consistent 
among some studies on young children:, where the role of cross- 
infection may be the factor rather than ETS Itself (3). 


Although domestic air pollutants like nitrogen dioxide may play 
j a role in exacerbating! respiratory Illnesses, whether they are 

| the key factor accounting for the 100% higher level of lung 

cancer Incidence not attributable to smoking found among Chinese 
women is questionable. This is because the type of cooking and 
heating devices used by Chinese families in urban areas like Hong 
Kong,, Singapore, Hawaii, and San Francisco are not unique to the 
Chinese population as the gas, electric, or kerosene appliances 
are used by all ethnic groups. In fact, because one of the most 
popular methods of Chinese cooking is the stir-fry method, the 
actual duration of time ini which the stove is turned on (and 
therefore combustion is taking place) may be less than Caucasian 
families where roasting and baking for hours is commonplace. On 
| the other hand, this Chinese method of stir-frying produces large 

quantities of oil droplets and smoke that accumulate ini the 

I kitchen air. Reports from Shanghai suggest that this may be the 

!. common factor increasing risk for lung cancer In Chinese women. 

However, our own data on cooking habits suggest the opposites 

I I that the more the housewife cooks (in years); the more fresh 
foods like vegetables, fruit and fish are included in the meals; 

j and If the housewife cooks in a manner which she believes is 

healthier for her family (use of corn oil and home-made aoup); 

1 then there is a subsequent reduction in risk for lung cancer 

i (17). Thus in our retrospective data, women who cooked for more 

than 25 years had about half the risk of lung cancer of those who 
|| cooked for shorter durations. 

These results lead us to question the relative contribution of 
inhaled versus Ingested substances in contributing to the high 
rates of lung cancer and chronic bronchitis in Hong Kong. 
Although air pollutants could certainly act as bronchial 
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Irritants, compensatory behavior was also found which may reduce 
the actual levels of inhaled substances. When family members 
smoked, there was an increased tendency to open windows so that 
the smoke would be dispersed outdoors {19). If stir-frying was 
done, ventilation fans would be used to channel the fumes 
outside, and kitchens were frequently located in balconies, or 
kitchen doors leading to other rooms In the home would be closed 
when cooking took place to prevent cooking fumes from entering 
other parts of the home. The role of domestic air pollutants also 
does not explain why children of primary school age (6-12 years 
old) in Hong Kong had rates of chronic bronchitis that were 10 or 
more times higher than children of similar age in Japan (3). 
There was no difference by sex of the child, and only about l'SV 
helped in cooking. The levels of nitrogen dioxide measured by 
personal samplers among these school children were found to 
correlate closer with ambient outdoor levels than indoor 
activities related to combustion (19).. These data, therefore, 
would lead us to suspect other culture-specific agents. 


F'-t $ Dittmry HotnU of *omm tr> Hong Ao^ip 

Ttirxr Fortov for LUng f*nr*r 


The most consistent thread is 
that of diet. If the diets of the 
lowest risk group, i.e. 
nonsmoking wives with nonsmoking 
husbands who did not have cough 
ox phlegm (N»47), axe compared 
with that of the three groups of 
non-smoking women who were at 
risk for respiratory disease, 
i.e. women with smoking husbands 
(N»69, 17 who had cough or phlegm 
were also included in the next 
group), women with cough or 
phlegm (N«38), and women with 
lung cancer (N-88), there was a 
dose-response trend with 5 
dietary items (Figure 8. )■• Wives 
without chronic bronchitis and 

married to husbands who did not smoke always consumed the 
healthier diet. This was characterized by more frequent 
consumption of fresh fruit, milk, and corn oil and less 
consumption of chill sauces/peppers and cured meats. 



foo4 ttom. ttoo* 


Therefore, the evidence in Hong Kong suggests that ingestants 
may be the key factor explaining the high rates of lung cancer 
and chronic bronchitis among the never-smoked population. Since 
Chinese who emigrate overseas also retain their Chinese style of 
eating, this could be the culture-specific habit that explains 
the high rates of lung cancer also found among Chinese in 
Singapore, Hawaii, San Francisco, and Vancouver. To further 
support the possibility that it is certain food items i.e. 
Ingestants,, and not the cooking activities that produce Inhalants 
that is important, studies in Bong Kong (8) and Singapore (25,26) 
have shown that even within the Chinese community, certain 
subcultures were more at risk for lung cancer than others. Women, 
from the Chao 2 hou area in China were low at risk, Cantonese were 
higher, and women from the Dan^ia/Helao marine population were 
highest at risk (8). All basically use the same cooking 
techniques, but the components of the diet that make up their 
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subcultural cuisines are different. 

In conclusion, although Inhaled substances like ETS or the by¬ 
products of domestic combustion may enhance bronchial irritation 
among nonsmokers, exposure to these types of air pollutants are 
not unique to Chinese households and cannot explain their 
excessive rates of lung cancer and chronic bronchitis. What is 
culturally specific and retained by Chinese, even when they 
emigrate overseas, is their diet. Data from Hong Kong suggests 
that vegetables, neats, and fish that are smoked, salted, cured, 
or pickled increased risk, whereas fresh versions of such foods 
and fruit reduced risk. Moreover, the former diet was more common 
among women with chronic bronchitis and wives with smoking 
husbands, whereas the latter diet was associated with wives with 
non-smoking husbands and without chronic bronchitis., Thus the 
controversy of ETS and lung cancer might be just a matter of 
•smoke', and the real culprit may be what is cooking over the 
fire for the etiological factors accounting for the excessively 
high lung cancer rates among non-smoking Chinese in Hong Kong. 
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